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I N T R O D U C T I O N 
Program "CAPSEV" calculates soil hydraulic conductivity from soil 
texture and organic matter content according to the method described by 
ELOEMEN(1980a). 
Knowing the hydraulic conductivity the program calculates steady 
state water flow in a heterogeneous soil in which the groundwater table 
is present. The flow may be in either upward direction, capillary rise, 
or in downward direction, infiltration. 
In addition to the hydraulic conductivity function of 
BLOEMEN(1980a) some alternative functions to describe the hydraulic 
conductivity can be applied in the program. 
The program "CAPSEV" is a fully interactive program. Examples of 
input and output are given. 
1. C A L C U L A T I O N O F K(h) R E L A T I O N S H I P F R O M 
T E X T U R E A N D O R G A N I C M A T T E R C O N T E N T 
1.1. Hydraulic conductivity relationship 
BLOEMEN (1980a: Fig.9, eq.17) modified the Brooks and Corey expression 
in order to account for hysteresis. He obtained the following hydraulic 
conductivity scanning function (see Fig.l, line s): 
K = K for h >== h (1) 
K = K for h < h (2) 
where -1 
K = hydraulic conductivity [cm.day ] 
i 
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Fig. 1. K(h) description according to Bloemen(1980a). 
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K = effective conductivity [cm.day ] attained after 
e 
revetting, assuming K =0.5 K , where K is the saturated 
e s s 
conductivity 
h = pressure head [cm] 
h = pressure head [cm] at which K is attained after revetting 
w e 
n = slope of the average scanning curve betveen vetting and 
s desorption 
According to BLOEMEN (1980a) the eqs. (1) and (2) can in terms of the 
desorption curve (fig- l,line d) be rewritten as: 
K : 0.5 K for h >= h (3) 
K = 0.5 K 
h /r 
a 
for h < h (4) 
in which -1 
K = saturated conductivity [cm.day ] 
s 
h = pressure head [cm] at air entry point 
a 
r = factor to convert h into h , depending on type of soil, 
a v 
i.e. r = h /h 
a v 
n = slope of the scanning curve (Fig.l, line s) 
s 
The expression for n is (BLOEMEN, 1980a, eq. 22): 
s 
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h = pressure head [an] at which K becomes negligibly small 
0 (see Fig. 1) 
n = slope of the desorption curve, Fig.l, line d 
d 
It will now be explained how the parameters K , h , r, h and n can be 
s a 0 d 
found. 
1.2 Computation of parameters of the hydraulic conductivity function 
from grain size distribution and organic matter content 
BL0EMEH(1980a), HLOEMEH and VAN GILS(1982) described a method to calculate 
hydraulic conductivity as a function of the soil texture (grain size 
distribution) and organic matter content. 
For applying the method three categories of soils are distinguished: 
- Mineral soils: grain size distribution and organic matter content 
are required. 
- Fen peat: only bulk density is required. 
- High bog peat: only bulk density is required. 
j 
Grain size distribution data, are given either as percentages or 
fractions of the total amount of grains. For an example see Table 1. 
Table 1. Example of the grain size distribution and humus 






S - values in microns 















19.2 11.3 43.8 12.6 9.4 
50.0 23.9 21.5 2.3 1.3 
FEN PEAT, BULK DENSITY» 
6.6 2.7 13.9 38.1 34.9 
2.6 1.2 
0.5 0.5 
0.24 G . CM**-3 
3.7 0.1 
3.3 2.6 11.9 19.8 27.7 27.4 6.7 









\ (P - P ) 




log(P /P ) 
i i-1 
f = (P -P ) 





P = cumulative weight percentage 
i 
S = size interval limit [mu] 
i 
The saturated conductivity, K , can be found from the following equations: 
for mineral soils: 
1.93 -0.74 -1 
K = 0.02 M f [cm.day ] (8) 
s d 
for fen peat: 
-3.625 -1 
K = 0.00266 g [cm.day ] (9) 
s . b 
for high bog peat: 
-2.83 -1 
K = 0.0036 g [cm.day ] (10) 
s b 
where H is the median grain size [mu], (Note: M differs from M ) 
d d 50 
-3 
g is the dry bulk density [g.cm ] 
b 
The value of h is calculated according to: 
a 
for mineral soils: 
-0.96 0.79 
h = -2914 M f [cm] (11) 
a d 
for fen peat: 
1.12 
h = -416 g [cm] (12) 
a b 
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for high bog peat: 
1.17 
h = -794 g [an] (13) 
a b 
The value of the reduction factor r is depending only on the type of soil: 
r = 4.5 for sandy soils with M > 50 
d 
r = 2.9 for clayey soils with M <= 50 
d 
r = 3.1 for fen peat 
-3 
r = 1.9 for high bog peat with g < 0.1 g.an 
b -3 
r = 3.4 for high bog peat with g >= 0.1 g.an 
b 
The value of h can be found from the grain size distribution factor f 
0 
and the median grain size M . To find a general relation between h , f and 
d 0 
M , a large amount of soil profiles from the archives of the Soil Survey 
d 
Institute in Wageningen was investigated. On the base of an iterative method, 
starting from initially assumed values of h (BLOEMEN and VAN GILS,1982, 
0 
section 2.10), relationships between h , f and M were found. The results of 
0 d 
these calculations are presented in fig. 2. 
The slope n of the desorption curve can be calculated according to: 
d 
for mineral soils: 
0.3 f 1.6 





o 100 200 300 400 500 600 
NT (mm) 
d 
Fig. 2. Values of h of existing combinations of M and f. It is 
0 d 
assumed that the M -values given for the lines are valid for the 
d 
entire area between two lines. 
for fen peat: 
n = 2.54 - 2.42 g 
d b 
(15) 
for high bog peat: 
n = 2.57 - 2.27 g 
d b 
(16) 
in which H is the humus content of the soil [%]. 
If in a layer horizontal cracking occurs, the following corrections 
should be made on the values of h /r and n (BLOEMEN,1980a,b; 
a s 
BLOEMEN and VAN GILS, 1982): 






n + 1.7 
s 
for — > -100 (17) 
r 
n = n • 1.7 
s s 
(18) 
2. S T E A D Y S T A T E S O I L W A T E R F L O W 
Steady state soil moisture flow in a 1-dimensional, vertical, soil profile 
is governed by Darcy's equation: 
dh 
q = -K(h) ( - +1) 
dz 
(19) 
where 3 -2 -1 
q = soil moisture flux density [cm. cm. day ] 
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z = vertical coordinate with origin at the soil surface, directed 
positive upward [cm] 




Integration of eq.(20) for a soil profile consisting of m layers starting 
at the groundwater table, where h=0, results in: 
z h 
m 1 
1 1 dh 
1 z = - 1 
1 | 1 • q/k (h) 














. . - 1 
1 1 + q A (h) 




where h ,h ,.... ,h are the pressure heads corresponding to the boundaries 
1 2 m 
between the neighbouring layers, z ,z ,...,z . The values of h , h , etc. 
1 2 m 1 2 
are initially not known but must be determined during the integration 
procedure. Thus starting from zero-values of z and h at the water table, 
h is steadily decreased until z reaches z , the known height of the i-th 
i 
boundary: the value h is thus found, when z=z and since the pressure 
i i 
head is continuous across the boundary, h is the lower limit of the 
i 
(i+l)-th term of integration. In this way the integration may proceed until 
the last value h is reached or capillary rise reaches the soil surface, 
m 
Discretizing the integration interval into y subintervals of equal size 















where h and h are lover and upper boundary of the ith interval and 
i i+1 
h = (h +h )/2. 
av i i+1 
In case of infiltration, eq. (22) may cause problems because of the 
possibility that the term q/K(h) may be smaller than -1, thus yielding a 
decreasing z, which is physically impossible. Therefore we use for 
infiltration a different approximation. 
Rearranging eq. (19) to: 
dh = - (1 + q/k(Tn)) dz (23) 
or 
h = h -
2 1 
where h' = (h + h )/2 
1 2 
(z - z ) (1 - qA(V)) 
2 1 
(24) 
This means that, starting from the groundwater level, where z=0 and h=0, 
the pressure head at some height z may be found according to eq. (24). 
2 
As this value is not known at the time of calculation, an iterative 
procedure is used in CAPSEV. 
3. A L T E R H A T I V E F U N C T I O N S T O D E S C R I B E 
T H E K(h) R E L A T I O N S H I P 
Besides the K(h) relationship given by BLOEMEN (1980a) other 
expressions may be used, which are described below. 
h <= h < h 
l im a 




3.1 The first alternative is the description according to Brooks and 
Corey as given in eqs. 1 and 2. 
3.2 The second alternative used in CAPSEV is the approach of RYTEMA(1965): 
K = K for h >= h (25) 
s a 
- b (h -h) 
a 
K = K .e for 
s 
-n 




K = saturated hydraulic conductivty [cm.day ] 
s 
h = pressure head at air entry point [cm] 
a 
h = some arbitrary pressure head limiting the validity 
lim of the conductivity function [an] 
a,b,n = constants 
An example of this approach is given in fig. 3. 
3.3 The third alternative has been described by WESSELING (1981) 
Who approached the K(h) relationship by three straight line pieces 
on a log-log scale. Each line piece is described by the following 
equation: 
b 
K a a (-h) (28) 
where a and b are constants. 
For an illustration see Fig. 4. 
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(cm/d) 
10° h° 10 hhm102 10" 10" 10J 
Ihl (cm) 
Fig. 3. K(h) description according to Rytema(1965). 




10 103 10L 10' 
Ihllcmi 
Fig. 4. Approximation of the K(h) relationship by three power 
functions. 
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3.A The last alternative is the description of K as a table of h. 
This alternative can easily be used to enter measured K(h) data. 
The step size of the table can be chosen freely. The program "CAPSEV" 
asks for the type of interpolation for values in between the prescribed 
values. This can be either linear or (double) logarithmic. The K-data 
in the table should be in ascending order. 
An example of such a table is given in Table 2. 
Table 2. Exampl e of a K(h) relation given as a 

















































































































4. T H E P R O G R A M 
CAPSEV is able to calculate the pressure head distribution (h,z) for both 
capillary rise and infiltration in a layered soil profile (max. 10 layers). 
Pressure head distributions can be calculated for several flux densities 
q and various groundwater levels (max. 10). 
It is also possible to calculate maximally possible capillary fluxes for a 
number of groundwater levels. 
The output of the program is directed to a file called HOIST.OUT, which 
may be sent to a line printer. 
The program CAPSEV consists of the following parts: 
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- main {urogram 
CAPSEV 
- subroutine to show possible commands 
HELP 



















- subroutines for output 
TABINF 
TABEL 
Now a short description of all the program parts is given. 
CAPSEV : The main program welcomes the user and reads the 
commands (variable COMAND), after which it calls the 
appropriate subroutines. 
HELP: Consists of only 1 write statement, resulting in a list of 
possible commands on the users terminal. 
GRNINP: Performs the data input that is required to calculate the 
parameters of the hydraulic conductivity function from 
grain size distribution. There are 2 possible ways of input: 
a) From a terminal. In this way the program will ask the 
user to type in the data it requires. 
b) From a disk file with data prepared according to the 
questions that would be asked if method a) was chosen. 
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Which way of input will be chosen depends on the answers to 
questions that will be asked. 
For the grain size classes: 
-the valus of the grain sizes between which the distribution 
must be known, may be typed in or 
-the following standard set may be chosen: 
2, 16, 50, 75, 105, 150, 210, 300, and 2000 mu. 
Maximally 15 grain size classes may be entered. 
GRAIN: Used to call the subroutines performing calculations on the 
soil texture data. 
CALCUL: Computes the parameters of the conductivity function according to 
eqs. 3 to 18. 
COMPHO: Assigns values to r and h 
CAFTOT: Controls the calculations of pressure head distribution. It reads 
the required depths of groundwaterlevel from either terminal or 
file, and checks if the flux densities are positive or negative. 
A choice has to be made between two alternative ways to prepare 
the output : 
(1) For each groundwater level tables and printplots are prepared ; 
height of capillary rise versus height above the groundwaterlevel 
in case of capillary rise, and pressure heads versus height above 
the groundwaterlevel in case of infiltration. 
(2) A table is prepared of maximum capillary flux densities versus 
depth of the groundwater level for a specified pressure head, a 
printplot is optional. 
MAXFLX: Performs calculations to find the maximally possible flux and creates 
an output table and (optionally) a printplot. 
INTEÛR: Function INTEGR performs the numerical integration and checks if a 
certain flux reaches a given level (e.g. the surface). 
CAPQUE: Inquires which conductivity description function should be used. The 
answer is read into the variable MEIHOD, which may have one of the 
following values: 
1 : Modified Brooks and Corey (eqs.1,2) 
2 : Bloemen (eqs.3,4) 
3 : Rijtema (eqs.25,26,27) 
4 : Hesseling (eq. 28) 
5 : Table 
FLXQUE: Reads the flux densities for which the calculations should be 
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performed. It is possible to use one or both of the following 
'standard' sets of flux densities: 
a) for infiltration: -0.5, -0.3, -0.2, -0.1, -0.05, 0.0, 
b) for capillary rise: 0.0, 0.05, 0.1, 0.2, 0.3 and 0.5 cm/day. 
It is also possible to use values read from terminal or data file. 
A negative flux represents infiltration, a positive flux represents 
capillary rise. Please keep either a descending or ascending order. 
BRCINP: Takes care of the input from terminal or file necessary for the 
modified Brooks and Corey method. 
RYTINP: Reads data required for the K(h) relationship according to 
Rytema from terminal or file. 
LININP: Reads data required for the K(h) relationship according to 
Wesseling. The K- and h-value of the end points of each line 
piece are either read from the terminal of from a data file. 
TABIHP: Reads the data when the K(h) relationship is given as a table. 
Input is only possible as a file (see example 2). 
ÛAPRIS: Calculates the height of capillary rise z according to eq. (22). 
The results are stored in the array Z for a range of pressure 
heads inbetween -1 and -1000000 cm. These pressure heads are divided 
into the following intervals: 
for range h-interval 
1 
-1 to -10 -1 
1 2 
-10 to -10 -10 
2 3 
-10 to -10 
-10 
3 A 
-10 to -10 -10 
4 5 
-10 to -10 -10 
5 6 
-10 to -10 -10 
Total: 55 h-values 
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Calculations continue until either the lowest value of h is reached 
or z reaches the soil surface. 
CAPINF: Calculates according to eq. (24) the pressure head distribution 
in the profile in case of infiltration. In some cases the pressure 
head may become positive. Then all the pressure heads for the 
corresponding flux density are set equal to 0. A warning is sent 
to the users terminal that the flux density as specified is 
for the soil under consideration physically impossible. 
CONDUC: Function OONDUC calculates the unsaturated conductivity. 
TABEL: Creates for positive flux densities (upward flow from the 
groundwater table) a table and printplot of height of capillary 
rise z as a function of pressure head h. 
TABINF: Creates for negative flux densities (downward flow towards the 
groundwater table) a table and a printplot of pressure head h 
as a function of z . 
The mutual relationship between the sub-programs mentioned is given in Fig. 5. 
REMARK : As the calculation of the capillary fluxes is based on the 
====== assumption of a steady state situation, it is unrealistic to 
assume that these fluxes do occur in reality. To calculate the 
pattern of the fluxes that occur in practice during the growing 
season, it is necessary to know the sequence of the different 
pressure heads. The fluxes that occur in reality can therefore 
differ considerably from those calculated by CAPSEV. 
The results from CAPSEV however, may be used to describe the 
























Fig. 5. Relation between the subprograms of CAPSEV. 
5. E x a m p l e s 
5.1. Example of input. 
CAPSEV is an interactive program with the possibility of reading data 
from files. As the interactive part of the program is self-explaining, 
only some examples will be given to show how to create the data files. 
In the examples a note of exclamation "!" is used to separate the data 
from some comments that were inserted. 
As FORTOAN-77 has the ability of working with wildcards instead 
of FORMAT-statements, it is not necessary to prepare the input data 
according to a specific format. 
The first example shows a data file that contains the answers to the 
questions CAPSEV asks when one calculates the parameters of the 
K(h)-relationship from soil texture and organic matter content. 
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Example 1. Input prepared for the computation of the K(h) relationship 












































Name of soil profile 
Non-standard grain sizes 
First boundary of grain size classes (mu) 
Second boundary etc. 
End of boundaries. Note: max. 15 classes 
Number of layers in profile 
Description of top layer 
Thickness of top layer (cm) 
Humus content of top layer (%), for peat: type P 
Percentage of first grain size class 
Percentage of second class etc. 
! No horizontal cracking in this layer 
! Second layer 
Horizontal cracking does occur in this layer 
Third layer 
Thickness of layer (cm) 
P for peat 
1 for fen peat (2 for high bog peat) 
Bulk density of peat (g/cm**3) 





















! Fifth layer 
The second example shows an input file for a 1-layer (homogeneous) 
profile when the K(h) relation has been given as a table. To save on typing, 
the h-values are given as positive numbers. The program will make them 
negative. Note: the sequence of K-values must be ascending, the sequence of 
h-values must correspond ! ! 
Example 2. The K(h) relationship, given as a table. Input is only possible 
as a file. When the profile consists of more than one layer, add the data 
pertaining to these layers to the file. Start with the description of the 
layer. 




.1000E+07 .1000E+06 .1S00E+05 
.2600E+03 .1300E+03 .9400E+02 
.5900E+02 .5500E+02 .5100E+02 
.3100E+02 .2700E+02 .2200E+02 
.5000E+01 .2500E+01 .0010E+00 
.1796E-11 .3700E-O9 .2559E-07 
.8659E-03 .2894E-02 .8715E-02 
.2799E+00 .3999E+00 .5557E+00 
.2794E+01 .3549E+01 .4519E+01 
.3572E+02 .6019E+02 .1589E+03 
! Name of soil profile 
! Description of layer l 
! Thickness of layer 1 (cm) 
! Number of points in K(h)-table 
.700OE+04 .3000E+04 .9000E+03 .6500E+03 .4200E+03 
.8600E-KJ2 .7900E+02 .7300E+02 .6800E+02 .6300E+02 
.4800E+02 .4500E+02 .4200E+02 .3800E+02 .3500E+02 
.1700E+02 .1000E+02 .9000E+01 .8000E+01 .7000E+01 
! (Absolute) values of h (an) 
.2461E-06 .1753E-05 .1834E-04 .8563E-03 .2867E-03 
.2089E-01 .4187E-01 .7456E-01 .1223E+00 .1892E+00 
.7551E+00 .1006E+01 .1320E+01 .1709E+01 .2193E+01 
.5830E+01 .7923E+01 .1135E+02 .16S4E+02 .2412E+02 
! Values of K (cm/day) 
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The third example is an input data-file, prepared for the RIJTEMA method. 











Harne of soil profile 
Description of layer 1 
Parameter Ks (cm/day) 
" " Ha (cm) 
« « b 





Thickness of the layer (am) 
The next example shows a file containing the data required for 
a 4-layered peaty-mucky soil profile. The K(h)-relation is described with 
3 straight line pieces. 
Example 4. The K(h) relationships of the four layers described according 
to HESSELING (1981). See eq. (28). 























Name of the profile 
Description of layer 1 
Saturated cond. (Ks, cm/d) of layer 1 
Values of K (cm/d) and h (cm) at 1st node 
Values of K and h at second node 
Values of K and h at third node 
Thickness of layer 1 (cm) 
Description of layer 2 
Ks etc. 

















The final example describes a profile consisting of 2 different 
layers. The K(h) relation is described according to Brooks and Corey. 
Example S. Input file when the K(h) relation is described according 
to Brooks and Corey (eqs. 1 and 2). 













Descriprion of soil profile 
Description of layer 1 
Thickness of layer 1 (cm) 
Effective conductivity (cm/day) 
Effective air entry value (cm) 
Slope 
No horizontal cracking 
Description of layer 2 
When the standard set of flux densities is not sufficient, or when some 
flux densities are not of interest it is possible to assign flux density 
values different from the standard set. These flux densities may be either 
read from the terminal or from a file. 
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Example 6. A data file containing flux densities (cm/d) different from the 









Before starting the infiltration/capillary rise calculations, it is 
necessary to specify the depths of the groundwater table for which the 
computations have to be performed. One way is reading these depths from the 
terminal. If the groundwater levels are to be used for more profiles, it is 
advisable to make a data file and to read the depths from this file. 
Example 7. Data file with groundwater levels (cm below soil surface) for 
which the infiltration/capillary rise calculations have to be performed. 






5.2 Examples of output. 
In the first example of output the data of example 1 have been 
used. Both standard sets of flux densities have been applied, and a 
groundwater depth of 200 cm below the soil surface was taken. For 
-26-
the profile tinder consideration the infiltration flux densities of 
-0.5 cm/day and -0.3 can/day are physically impossible. Therefore the 
column representing the results of calculations with this flux density 
is filled with zeroes. The results are also shown in printplots. 
The second example shows a table of maximally possible fluxes 
that reach the calculation level at several groundwater levels, and 
at a given pressure head. This is also shown in a printplot. 
27 
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